Pedigrees of broodstock with unknown relationship of the critically endangered Chinese sturgeon, Acipenser sinensis, was evaluated using microsatellite markers to facilitate genetic management in restocking programs with small broodstock size. We characterized the distributions of relatedness values to reconstruct kin groups in four hatchery families with known pedigrees using microsatellites. The distributions of relatedness values for kin classes were used for partitioning full sibling groups of wild A. sinensis broodstock kept in two hatcheries, resulted in 13 full sibling clusters, four of which containing 62% of all the wild individuals. This indicates high probability of choosing close related breeder pairs in random mating, thus selective breeding is necessary to minimize inbreeding and maintain genetic diversity. This study provides a useful tool for genetic management in conservation programs of A. sinensis in aim of preserving self-sustained wild populations.
year by year (Chang & Cao, 1999; Kynard & Wei, 1995; Qiao, Tang, Brosse, & Chang, 2006) . The filling of the Three Gorges Dam reservoir since 2003 has changed hydrology characteristics of the river, which caused a further impact on the breeding behavior of A. sinensis (Ban & Li, 2007; Liao, Zhu, & Chang, 2017; Xie, 2003) . Commercial fishing of A. sinensis has been banned since 1983, and use of wild individuals for scientific research has been strictly limited. Implementation of restocking programs was started in 1984, and wild broodstock capture for scientific use was finally ceased in 2009. Despite efforts with many protective measures, population declining of A. sinensis has not been stopped.
Releasing hatchery-reared individuals is an important method to recruit natural population of A. sinensis, and supplementation needs to be increased to get better effect (Yang et al., 2013) . As captive broodstock of wild origin is limited, genetic variation will be reduced in the offspring due to the small genetic contribution of just a few breeders (Jackson, Martin-Robichaud, & Reith, 2003; Sekino, Hara, & Taniguchi, 2002) . Restocking programs may have unexpected effect without genetic management, as releasing hatchery stock with reduced genetic diversity may have negative impacts on wild populations (Gow, Tamkee, Heggenes, Wilson, & Taylor, 2011; Ortega-Villaizan, Noguchi, & Taniguchi, 2011) . Selective breeding with relatedness determination in broodstock helps to minimize genetic variation loss in hatchery stock (Norris, Bradley, & Cunningham, 2000; Ortega-Villaizan et al., 2011) . In addition, small and isolated populations like the existing A. sinensis broodstock in hatcheries are more sensitive to inbreeding which may result in inbreeding depression, the reduction of fitness caused by mating between relatives (Edmands 2007; Fisch, Kozfkay, Ivy, Ryder, & Waples, 2015; Keller & Waller, 2002) , and that will finally weaken the effect of restocking programs. Reconstruction of pedigrees and partitioning of individuals based on relatedness analysis provide a way to assess the kin structure of broodstock populations Nian Xu and Ke Shao should be considered joint first author. and manage captive breeding programs by choosing unrelated breeder pairs (Congiu et al., 2011; Isreal & May, 2010) .
In the present study, in order to get insight in genetic relationships among broodstock of A. sinensis and propose a method for selection of candidate breeders in captive breeding, we use genetic relatedness data to reconstruct pedigrees of A. sinensis broodstock. First we characterized the distributions of relatedness values in four hatchery families of A. sinensis with known pedigrees using microsatellite genotypes.
Then the distributions of relatedness values for kin classes was used to assessing the relationship and partitioning kin groups by partitioning individuals who were full siblings among wild broodstock of A. sinensis kept in two hatcheries. The developed approach can be used to support management of practical breeding activities in restocking programs. 
| MATERIALS AND METHODS

| Sample collection and DNA extraction
| Amplification of microsatellite loci
Forty microsatellite markers selected from loci developed in A. sinensis and other sturgeons (Börk et al., 2008; Forlani, Fontana, & Congiu, 2008; May, Krueger, & Kincaid, 1997; McQuown et al., 2000; Zhu, Liao, Shao, Rosenthal, & Chang, 2005) were tested in several (3~6) individuals of A. sinensis. Sixteen primer pairs that yield polymorphic products were used in amplification of all the samples to yield genotype data. Seven primer pairs (Table 2) that showed good amplification with distinguished bands in both hatchery and wild samples were used in further data analysis. 
| Data analysis
Previous studies suggested A. sinensis as tetraploid species, while some loci showed different banding patterns (Rajkov, Shao, & Hardy's (2003) relatedness coefficient in the different groups of relatives full siblings (black), half siblings (dark grey), and unrelated individuals (light grey)
Berrebi, 2014; Zhu et al., 2002 Zhu et al., , 2005 . No correlation between number of allele copies and peak heights in the chromatogram was observed at most of the loci in the four populations of A. sinensis, while most loci showed banding patterns with four gene doses.
Seven microsatellite loci were scored in a presence/absence format, so that genotypic data were transformed into allele phenotypes (Becher et al., 2000) . Each phenotype scored alleles as present or absent, regardless of dosage. Based on the presence/absence dataset, Hardy's (2003) kinship (F) and relatedness (r) coefficients were calculated in Spagedi version 1.3 (Hardy, 2003) . Pairwise matrix of relatedness values was analyzed and dendrograms were constructed with the unweighted pair group method using the arithmetic means (UPGMA) algorithm in phylip'S neighbor version 3.69 (Felsenstein 2005) , and then visualized with mega version 5.1 (Kumar, Tamura, & Nei, 2004) . Genetic distances (d) were calculated as 1-r, based on which scatterplot was represented by Multi-Dimensional Scaling (MDS) analysis using StatiStica version 10 (StatSoft, Tulsa, OK, USA).
Error rates of classification for relatedness coefficient were determined by using the midpoint (r m ) between the means of value distributions, that is the proportion of values belonging to dyads that was greater/less than the midpoint value. A line drawn at the partition value (d p = (1 -r m )/2) in the UPGMA dendrogram was used to determine full sibling clusters as individuals joining at a node of lesser value belonged to the same full sibling group.
| RESULTS
To calculate kinship and relatedness coefficients we examined 83 alleles of seven microsatellite loci in the allele phenotype dataset.
Theoretical relatedness coefficients in progeny of different relationships (Hedrick, 2000) and means and standard deviations of the two estimators were compared (Table 3) either over all or in the two hatcheries separately. Besides, the two hatcheries share seven of all the 13 clusters including two biggest clusters, although each hatcheries has its own peculiar clusters.
| DISCUSSION
Results in the hatchery families demonstrate the usability of allele phenotype data of these microsatellite loci in classifying full siblings of A. sinensis. Similar approach of scoring codominant microsatellite alleles as dominant markers has been used in population genetic studies of other polyploid sturgeons (Congiu et al., 2011; Isreal & May, 2010) in which evaluating genealogical relationships using codominant markers provide a challenge (Ritland, 2005) . Polymorphic microsatellite markers showed sufficient discrimination ability in kinship analysis, which had been used in previous studies (Skaala, Glover, Barlaup, & Borgstrom, 2014; Xin et al., 2015) . Compared to allelic frequency data, allelic phenotype data may have advantages due to lack of null alleles influencing or gene dosage scoring errors (Isreal & May, 2010) .
In this study, full siblings of hatchery families with known pedigrees were successfully classified, while partitioning half siblings from unrelated or full sibling individuals are less desirable because of greater error rates of classification. Individuals in clustered kin groups are not necessarily all actual full or half siblings, but they showed high probability to be close related, and that will provide useful information for genetic management of captive breeding. To increase the percentage of correctly classified full siblings and limit the error rate of misclassified unrelated individuals as full siblings, more loci with higher polymorphism are expected be analyzed in future researches.
The existing wild broodstock of A. sinensis kept in the hatcheries are the main potential breeders of released individuals in restocking programs, and probably the only remaining wild founders of future hatchery populations. Restocking programs of A. sinensis have been based on captive breeding of random mating without genetic management of the parents which may exacerbate the unbalance of full sibling clustering due to great possibility of inbreeding. Clustering result of the wild broodstock showed a few full sibling clusters containing majority of all the individuals, which means great risk to choose candidate parents from the same full sibling cluster without selective breeding based on relatedness assessment, and the probability will be higher if half siblings are considered. In that case, negative effects on the fitness of hatchery populations and reduced genetic diversity, which have been found undeniably present in many aquaculture species (Araki & Schmid, 2010) , are likely to occur in hatchery populations of A. sinensis in the foreseeable future. With no more source of wild broodstock forthcoming, an optional way to F I G U R E 3 UPGMA dendrogram of pairwise Hardy (2003) relatedness coefficients of 104 individuals from four hatchery families. Four symbols represent individuals from the four families. The relatedness partition value equals 0.423 and is half the midpoint between distributions of full sibling and unrelated individuals from hatchery families reduce inbreeding depression and genetic diversity loss in hatchery populations is to avoid mating among close relatives in captive breeding. Furthermore, random crossbreeding of individuals from different hatcheries will not effectively reduce inbreeding as more than half of the full sibling clusters were shared by the two hatcheries. In species with long lifespan and late maturity like A. sinensis, genetic management among kin groups instead of individuals could become a suitable approach to increase the possibility to accomplish a breeding scheme, which is the case of several sturgeon species, including endangered Adriatic sturgeon (Boscari, Pujolar, Dupanloup, Corradin, & Congiu, 2014 only one or two individuals. The smaller a group is, the higher is the probability that its genetic contribution will be lost in a near future, so small full sibling group should be prioritized when being chosen as candidate breeders. For the two hatcheries to carry out the selective mating based on kinship analysis, when candidate parents were available for breeding, hatcheries could trace back to the UPGMA dendrogram to find out kin groups of each individual. If two individuals of a possible mating pair were in the same full sibling group, we suggest they do not mate as a pair. If one individual should be selected from several candidates, chose the one from a smaller and more distant kin group. In the case of a random hatchery with no genetic background, the first thing to do is to set up genetic database of parent individuals using proper markers to accomplish kin group partitioning, then kinship based selective mating could be put into practice. A higher partition value could be used as required in restocking programs to reduce the error rate of classified full siblings. The approach described in this study offered a simple practical tool for assessing genetic relationships of broodstock in captive breeding. Although some limitations and shortcomings still exist, the developed framework could be an exploratory beginning of genetic management in restocking programs of A. sinensis.
